
EP 0 154 085 B1 Background of the invention This invention relates to a
positioning control device of a head. More particularly, it relates to 5
positioning a head to a data track of a disk such as a magnetic disk device
or an optical disk device and the likes. In the below, a conventional
magnetic head and a prior-art magnetic disk device are described in detail
by way of examples in case of a head and a disk device as claimed.
Heretofore, a prior-art magnetic disk device of a memory used, for example,
in a computer and the likes 10  is configured as shown in Figure 1. In
Figure 1, numeral 1 designates a magnetic disk, and information is recorded
on tracks arranged concentrically at a predetermined interval. Numeral 2
designates a spindle motor for rotating the disk 1 at a predetermined
speed. Numeral 3 designates a magnetic head for reading/ writing
information in the tracks of the disk 1. Numeral 4 designates an actuator
for moving the head 3 by the drive force of a positioning stepping motor 5
(STM) to position the head 3 on an arbitrary track. 15    Numeral 6
designates a base for fastening the motor 2, the actuator 4 and the motor
5. Numeral [err] designates an index sensor for detecting the index of the
rotating section of the motor 2 and outputting an index signal per one
revolution. The circuit arrangement of the magnetic disk device thus
configurated as described above is now described by referring to Figure 2.
20    In Figure 2, numeral 8 designates a positioning control device (PCD)
for outputting a drive signal B for rotating the motor 5 when receiving a
head movement command signal A from a controller and outputting a
positioning completion signal Z when the head 3 is completely moved to the
track position to be positioned. Numeral 9 designates a driving amplifier
device (DAD) for amplifying the drive signal B, rotating the motor 5 by the
drive power D and setting the stopping angle of the motor. Thus, the head 3
is 25   positioned on the track of the disk 1. When the index sensor
detects an index and the index detection signal is received by an external
circuit (not shown), the head can read/write information on the
corresponding track of the disk 1. Environmental temperature varies and
since the temperature expansion coefficients and the likes of the disk 1,
the actuator 4 and the base 6 of the positioning control device of the
prior-art disk apparatus are 30   different from each other, the track on
the disk 1 is relatively displaced from the position of the positioned head
3, an interference between the magnetisms produced by the adjacent tracks
occurs, and the reliability in reading/writing information on the tracks by
the head is deteriorated. Such a problem creates difficulties when a defect
for increasing the density of the track to increase the total number of
tracks on the disk. IBM technical disclosure bulletin, volume 20, number 8,
January 1978, pages 3243 to 3247, New York, 35   US: R. L Dremer et al
which forms the preambles of Claims 1 and 7 discloses a disk having
position information recorded in sectors alternated with data sectors on a
magnetic disk. Information on the servo sector is recorded offset one half
track pitch from the centers of adjacent data tracks. The position
correction of the head is carried out in dependence upon the wave forms
obtained from the servo sectors. IBM technical disclosure bulletin, volume
23, number 2, July 1980, pages 738 to 742 discloses an 40     apparatus for
locating and following data tracks recorded on disks. Servo information is
stored in a sector on the disk. The servo information is stored in a memory
and used for postioning the head during subsequent revolutions of the
track. As each sector is read by the head, the position information is
converted into a digital number by A/D converter and this information is
stored in a memory. During subsequent revolutions, the head is moved under
the control of a micro-computer in dependence upon the 45   information
stored in the memory. The position of the inner and outer reference track
can be measured, new nominal track locations being computed on the basis of
the reference tracks. Wireless World volume 88 number 1559 pages 33 to 37
discloses an apparatus for adjusting the head position relative to tracks
on a disk. The apparatus has a seeking function which uses guard bands to
detect a 0 cylinder or track. The seeking function locates other tracks by
a counting technique. so Summary of the invention An object of this
invention is to eliminate the above-mentioned disadvantages inherent in the
prior-art disk device, and a further object is to provide a disk device
which can compensate when positioning a magnetic head by using position
information read from the head after positioning the head. Thus being 55
achieved by writing position information for setting the head at a position
normal to the radial direction of the data tracks of the head on a part of
the data track. Another object of this invention is to provide a magnetic
disk device which can accurately detect a track 0 as a reference track by
using the position information by writing in advance the position
information on a part of the tracks on the magnetic disk surface and
controlling the position of the magnetic head to read the 50   information
from the magnetic disk. Still another object of the invention is to provide
an index timing sensor having functions as a reference for timing, for
detecting the position information, and for indicating a reference for
starting to operate factors (e.g., position information outputs  [err] ) to
calculate the amount of positional displacement in addition to the function
of the prior art index sensor which is used only to detect the index 55
[err] to indicate the starting time for read/writing data.    



EP 0 154 085 B1 The present invention provide disk devices positioning a
head according to independent Claims 1 and 7 with dependent Claims 2 to 6
and 8 to 10 respectively concerning further detailed embodiments. Brief
description of the drawings 5      Figure 1 is a mechanical view showing a
prior-art magnetic disk device; Figure 2 is a block diagram showing a
positioning control device of a magnetic head in a prior-art magnetic disk
device; Figure 3 is a view showing the configuration of an embodiment of a
magnetic disk in accordance with the present invention; 10      Figure 4 is
a view showing the configuration of position information areas; Figure 5 is
a block diagram showing another embodiment of a positioning control device
of a magnetic disk device according to the present invention; Figure 6 is a
waveform diagram showing the varied state of the position information
output to a time; Figure 7(a) through 7(c) are waveform diagrams showing
waveforms of processed rectified outputs; 15     Figure 8 is a view showing
the position displaced state of the magnetic head; Figures 9 and 10 are
waveform diagrams showing the states of varied position information outputs
to the position of the magnetic head; Figure 11 is a graph showing the
characteristic for presuming the amount of the displaced positions of the
tracks from the displaced position of the inner and outer tracks according
to still another embodiment 20  of the present invention; Figure 12 is a
view of the configuration showing the position information areas of the
case that the both end sides are most inner and outer sides in accordance
with the embodiment shown in Figure 11; Figure 13 is a view showing the
configuration of a magnetic disk surface of the magnetic disk device
according to still another embodiment of the present invention; 25
Figure 14 is an enlarged view showing the position information areas of the
magnetic disk surface shown in Figure 13; Figure 15 is a block diagram of a
magnetic disk device in accordance with still another embodiment of the
present invention; and Figure 16 is a signal waveform diagram showing
thereas output of the magnetic head position and the 30  position
information for describing the principle of the operation of the present
invention. Description of the preferred embodiments Figures 3 through 5
illustrate an embodiment of a positioning control device of a magnetic head
in accordance with the present invention, wherein the same symbols in
Figures 1 and 2 denote the same 35  parts. In Figures 3 to 5, numeral 10
designates data tracks, which are formed concentrically on a magnetic disk
1 for recording/regenerating data, and formed as 10a through 10e as shown
in Figure 4. Numeral 11 designates position information areas including
position information S started from the index (IDX) position [err]. The
position information S has the first position information area S1 and
second position information area S2 obtained by alternatively disposing
flux-reversal areas 12 and non-flux-reversal areas 40  13 radially and
laterally in parallel as shown in Figure 4. In this case, while the
flux-reversal areas 12 or the first position information S1 correspond to
the non-flux-reversal areas 13 of the second position information S2, the
areas 12 and 13 of the information S1, S2 have the same interval as the
data tracks 10a to 10e, but are displaced by half pitch to the data tracks.
In Figure 5, numeral 14 designates a rectifier (RECT) for outputting an
output E produced by rectifying the position information outputted from the
head 3. 45   Numeral 15 designates an integrator (INTG) for integrating the
rectified output E and outputting an amplitude F of the position
information. Numeral 16 designates an analog digital converter (A/D) for
digitizing the amplitude F and outputting the digitized position
information G. Numeral 17 designates a control device for compensating
position displacement (CDC) for detecting the position displacement from
the position information G and outputting a position compensating output H.
Note that block 17p is 50  relevant to the embodiment shown in Figures
11-12. Numeral 18 designates a digital analog converter (D/ A) for
analogously converting an electric current supplied to the stepping motor 5
by the position compensating output H. An index timing signal T outputted
from an index timing sensor (IDX TM SNR) 7 provides the start timing of the
position information area 11 to the control device 17. The operation of the
positioning control device of a magnetic head configurated as described
above is 55   now described by referring to the characteristic diagrams of
Figures 4 to 9. Assume that the disk 1 rotates in a direction by an arrow
M. When a head movement command signal A is received from a controller, the
head is not disposed on the track. Namely, it is not accordingly necessary
to compensate the position displacement of the head. This signal A is
converted into the drive signal B including no position compensation of the
motor 5 through the control device 17 and the D/A converter 18. When the
signal A is 60  fed to the motor, the head is moved to the arbitrary track
through the actuator by the rotation of the positioning device. The
position compensation may then be executed. The compensation sequence is
now described. The index timing signal T is outputted once from the index
timing sensor 7 whenever the disk 1 is rotated by one revolution. The
position information output P is outputted from the head 3. The position
information output P has, as shown in Figure 6, a voltage output P1 (2VA)
corresponding to the first position information S1 and a voltage output P2
(2VB) corresponding to the second position information    



EP 0 154 085 B1 S2, fed to the rectifier 14, in which the voltage outputs
P1 and P2 respectively become voltage outputs corresponding to times [err]
and [err] from the index timing signal T. The time [err] is an arrival time
of the head 3 from the start point Sl of the first position information S1
to the end point Sm, and the time [err] is an arrival time of the head 3
from the start point Sl of the first position information S1 to the end
point Sn of the 5  second position information S2. The voltages VA and VB
are the maximum and the minimum amplitude output voltages of the head 3,
respectively The position information output P is processed, as shown in
Figure 7(a) and 7(b), by the rectifier 14 and the integrator 15, and
further digitally converted by the A/D converter 16. The control device 17
samples the digitally converted position information output during each
period of the times t from the index timing signal of O<t<[err] and
[err]<t<[err] as input thereof sequentially. 10     On the other hand, the
position information output P is proportional to the corresponding area of
the flux-reversal areas 12 of the first and second position information S1,
S2 read by the head 3. Therefore, the variation in the position information
output P corresponding to the positions 3a, 3b, 3c of the head 3, as shown
in Figure 8 becomes as shown in Figures 9(b), 9(c), 9(d). As is apparent
from the Figure S. when the head 3 is accurately positioned at the position
3b to the center of the n'th track, the head 3b is affected by 15 the
equivalent influence from the flux-reversal areas 12a of the first position
information S1 and the flux- reversal areas 12b of the second position
information S2. Thus, as shown in Figure 9(c), the outputs P1 and P2
becomes of equal value, and the output P becomes constant. On the other
hand, when the head 3 is disposed at the position 3b displaced toward the
adjacent [err] +  1 track side to the n track, the head 3 is more strongly
affected by the influence from the flux-reversal areas 12a. Thus, as shown
in Figure 9(b), the 20 output P1 becomes larger than the output P2. When
the head 3 is disposed at the position 3c displaced toward the adjacent n-1
track side to the n track, the head 3 is more strongly affected by the
influence of the flux-reversal areas 12b. Thus, as shown in Figure 9(d),
the output P2 becomes larger than the output P1. The position of the head
to the n track can be discriminated by observing the magnitudes of the
outputs P1 and P2. 25     If the amount of position displacement from the
center of the track is indicated by X, the track pitch (the distance
between the tracks) is indicated by IP, the maximum output voltage is
indicated by [err], the output voltage corresponding to the first position
information S1 of the head is indicated by Va, and the output voltage
corresponding to the second position information S2 is indicated by Vb, the
characteristic shown in Figure 10 can be described as below. 30      For
Figure 10, in the range of -IP/2<X<IP/2, Va=([err]/IP)X+V[err]/2
(1 ) 35 Vb=-(V[err]/IP)X+V[err]/2                            (2) are
obtained. From the equations (1) and (2), 40 Va-Vb=2([err]/IP)X
(3) can be obtained. Then, position displacement X can be represented by 45
X={IP/2V[err])(Va-Vb)}                           (4) On the other hand, the
value of Va+Vb becomes from the equations (1) and (2) Va+Vb=V[err]
(5) so When the equation (5) is substituted into equation (4), the position
displacement X can be represented by X=(Ip.(Va-Vb)/2  (Va+Vb))
(6) 55 The equation (6) indicates that, when the track pitch IP is known,
the displacing direction and the amount of position displacement from the
center of the track of the head 3 can be calculated by using the position
information outputs Va, Vb. For example, assuming that the track pitch
IP=100 microns, the output voltage Va=3V and the output voltage Vb=1V, from
equation (6), 60 X={00x(3-1)/2x(3+1)}=25 Thus, the position of the head can
be detected to be displaced by 25 microns toward the n + 1 track. The
relationship between the displacement direction and the polarity of X is
inverted for every track, but it may be readily discriminated whether the
track number is even or odd, as the track pitch IP is generally known.
EP 0154 085 B1 As described above, when equation (6) is evaluated with the
position information output voltages Va, Vb by the control device 17, the
position displacement of the head 3 can be calculated. The control device
17 can further compensate for the position displacement of the head 3 that
is detected as described above so that the said displacement approximately
become zero. 5      The stopping angle of the stepping motor is generally
determined by the combination of the excitation phases. It is known that,
when the current values supplied to the phases are varied, the stopping
angle can be finely controlled. This is called a microstep or a vernier
drive. According to the invention, the position 



displacement of the head 3 can be compensated by finely varying the
stopping angle of the stepping motor 5, by altering the interphase current
of the motor 5 as result of changing the input of the [err] converter 18 by
10  means of the control device 17. Another embodiment of the invention is
now described by referring to Figure 12. In this case the position
information is provided only in the inner and outer most tracks ([err],...,
indicating the center of the respective tracks). In other words, the
position displacements of the inner and outer most tracks are detected and
memorized on the basis of the position information provided on the inner
and outer 15  most tracks. In this embodiment, in the circuit of Figure 5
block 17 presumed position displacement output means 17p is provided, and
when the power is turned on the head is moved by the operating means to the
inner most or outer most track, the amount of position displacement is
memorized by the above presumed position displacement output means and
further the amount of position displacement is made and memorized by
presumed position displacement output means 17p as shown in Figure 11.
(This 20  embodiment can be thought of to include 17p). It is noted that
the presumed position displacement outputting means for presuming the
position displacement of the positioning track by linear approximation of
the characteristic shown in Figure 11 from the detected values is provided,
and when positioning the head on a predetermined track, the head can be
repositioned in advance to the presumed position displacement by
compensating for the presumed position displacement. According to this
method, the 25  time period required for compensation can be shortened. The
system detects the displacement for the inner most and outer most tracks at
regular intervals. Each time the system scans the position information on
the inner most and outer most tracks, it recalculates the presumed position
displacements for the intermediate tracks. In the embodiments described
above, the control device 8 and the control device 17 are separately 30
provided. However, these devices may be summarized in a microcomputer. In
the embodiments described above, the magnetic disk apparatus driven by the
stepping motor has been described. However, the invention may also be
applied to a magnetic disk device driven by a voice coil, an optical disk
device or a laser disk apparatus. From the foregone description it is seen
that the configuration according to the positioning control 35  device, of
the magnetic head of the present invention, as described above, provides a
method for applying positioning information to a part of the data tracks
and compensating the positioning of the head for environmental change.
Therefore, the relative position displacement between the data track and
the magnetic head due to the variation in the environmental temperature can
be minimized, thereby improving the systems reliability. 40
Furthermore, high track density can be achieved at lower cost. Then, still
another embodiment of the invention is now described by referring to
Figures 13 through 16. In Figures 13 to 16, the same symbols in Figures 1
through 12 denote the same parts. A head and a disk are now described in
case of a magnetic head and a magnetic disk, respectively. Figure 13 shows
the area of the magnetic disk surface. In Figure 13, numeral 10 designates
data track 45  areas of concentric tracks for memorizing data. Numeral 27
designates guard band areas formed on the outside of the data track areas,
and which comprises the areas 27a, 27b. [err] designates an index position
corresponding to an index timing signal T outputted once per one revolution
of a spindle motor. Numeral 11 designates a read-only position information
area written in advance on a part of the data track areas 10 and the guard
band areas 27, starting from the index position [err]. Figure 14 is an
enlarged view showing the so  essential portion of the position information
areas 11 in Figure 13. In Figure 14, numerals 30a and 30b designate flux
reversal areas which are provided corresponding to the data tracks. Numeral
31 designates non-flux-reversal areas. The position information areas 11,
the flux-reversal areas, are distinctly indicated from other areas by
hatched lines. In the position information areas in the data track areas
10, two flux- reversal areas 30a, 30b are arranged at both sides of the
nonflux reversal area equally to the interval of the 55   each data track
so as not to be adjacent to each other in a manner socalled "checkerwise
pattern shape". The areas 30a are disposed in the vicinity of the index
position [err], and the areas 30b are disposed remotely from the index
position in such a manner that the areas 30a, 30b are radially displaced by
half pitch of the interval of the data track. In the position information
areas of the guard bands 27a, 27b, one fluxreversal area 30c is recorded,
and a non-fluxreversal area is recorded remotely therefrom in the vicinity
of the index 60   position [err]. This area 27a extends towards the outer
diameter of the disk, away from track 0. Both the areas are formed in the
outer peripheral direction from the center of the track 0. In the position
information area of the guard band area 27b towards the inside of track N,
one flux-reversal area 30d is recorded remotely from the index position
[err], and the non-flux-reversal area is recorded in the vicinity of the
index position. Both the areas are formed toward the inner peripheral
direction from the center of the track N. Figure 15 is a 65   block diagram
of a circuit for detecting track 0 on the basis of the position information
of 11 recorded on the    EP 0 154 085 B1 magnetic disk surface. In Figure
15, numeral 32 designates a rectifier circuit (RECT CKT) for rectifying a
signal F ready by the head 3. Numeral 33 designates a smoothing circuit
(SMTH CKT) for smoothing the signal rectified by the rectifier 32. Numeral
34 designates a signal sample and hold circuit (SMPL & HOLD) for sampling
and holding a smoothed signal H output by the smoothing circuit 33 at a
predetermined time 5  with respect to the index timing signal T from an
index timing sensor 7 sent once per every one revolution 



of the spindle motor as a reference timing signal. Numeral 35 designates a
comparator circuit (COMP CKT) for comparing two signals I and J which are
held in a holding circuit 34 at a timing [err] on the basis of the index
timing signal T and outputting any value of -, 0, + of a comparison output
signal K to a positioning control circuit (PC CKT) 36 according to the
position corresponding to the track 0 of the head. The control 10 circuit
36 for detecting track 0 outputs a control signal L to a drive circuit 22
(DRVE CKT) for driving a stepping motor 5 for positioning the head 3. The
operation is described by referring to the signal waveform diagram of
Figure 16. The signal waveform diagrams of Figures 16(a), 16(b), 16(c)
indicate the signals of the position information areas which are read from
the head 3, when the head 3 is positioned on the guard band area 27b on the
inner is peripheral when the head 3 is positioned on the center line of the
track 0 (10a), and when the head 3 is positioned on the guard band area 27a
on the outer peripheral respectively. The positions of the head 3 thereof
are as shown by 3a, 3b, 3c in Figures 14, respectively. In the case that
the head 3 is positioned to 3a, 3b, 3c, the displays in Figure 16 depict a
magnetic head read signal R, a rectified signal U and a smoothed signal W
read in the position information area 11 using the index timing signal T as
a reference timing signal, a holding signal I sampled at a time [err], and
a holding signal J sampled at a time [err] and a comparison output signal
K, respectively. The time t which constitutes the time base of the method
uses as a reference at this time the signal output time by the index timing
signal T at t=0. The range 0 to [err] indicates the period of time for
reading the fluxreversal 30a, 30c near the index position [err] of the
position information area of the disk 1, and the range [err] to [err]
indicates the period of time for reading from the flux-reversal areas 25
30b, 30d remote from the index position [err]. In Figure 16, t=[err] and
t=[err] are sampling times for sampling and holding the smoothed signal W
by the holding circuit 34. t=[err] is also the period of time for operating
the comparator 35. When the comparison output signal K as the output of the
comparator 35 is observed, the signal K is outputted as any one of the
following signals -, 0 or +. These occur when the head 3 is disposed in the
30 guard band area 27b at the inner peripheral side of the disk 1 (3a in
Figure 14), when the head 3 is disposed on the track 10 (3b in Figure 14),
or when the head 3 is disposed on the guard band area 27b at the outer
peripheral side (3c in Figure 14), respectively. In other words, when the
comparison output signal K as the output signal of the comparator 35 is
known, the head 3 position can be determined by the position information of
the position information areas 11 recorded on the disk 1 whether the head 3
is disposed on 35 the guard band area 27b at the inner peripheral side of
the disk 1, on the track area 10 or on the guard band area 27a at the outer
peripheral side. To detect a track 0 (10a in Figure 14), the head 3 is once
positioned on the guard band area 27a on the outer peripheral, the head 3
is then moved to the inner peripheral while detecting the comparison output
signal K,  and the change from + to 0 of the comparison output signal K is
detected, which results in an 10  output of the track 0 signal Z in the
positioning control circuit 36 which inputs the comparison output signal K.
In other words, when the change from + to 0 of the comparison output signal
K is detected, it is allowed to output a track 0 signal Z which indicates
that the positioning operation is complete. Using by the positioning
control circuit 36 and the change from + to 0 of the comparison output
signal K, the head 3 can be positioned on track 0. The fact that the head 3
is correctly positioned on track 0 may be confirmed by 15 performing an
operation similar to the original positioning procedure. It can be
confirmed that the head is on track 0 by displacing the head and observing
the output to confirm either the presence of the guard band 27a or 27b or
track positioning information 12, 13. As described above, track 0 is the
outer peripheral of the disk 1 recorded on. However, even when the track 0
is recorded on the inner peripheral, a similar operation can be performed
and the same effect may [err]  be attained. As described above, although a
magnetic disk device driven by a stepping motor has been described, the
present invention may be applied to a magnetic disk apparatus driven by a
voice coil, or an optical disk device or a laser disk device. According to
the present invention as described above, the position information areas
are provided on [err]  a part of the data track of the magnetic disk, and
the track 0 can be detected by the positioning control device that makes
use of the position information. Therefore, a mechanical external sensor
may be eliminated. This invention provides the magnetic disk device having
high accuracy thereby. Claims [err] 1. A disk device positioning a head (3)
for reading/writing information from/on a data track of a plurality of data
tracks (10) concentrically formed on a disk, the disk comprising position
information means (S1, S2) provided over a predetermined radial area (11)
on the disk and having a predetermined pattern for providing different
pieces of information in accordance with the position displacement of the
head (3) from [err]   the central position of the data track, wherein the
disk device comprises:    EP 0 154 085 B1 magnetic disk surface. In Figure
15, numeral 32 designates a rectifier circuit (RECT CKT) for rectifying a
signal F ready by the head 3. Numeral 33 designates a smoothing circuit
(SMTH CKT) for smoothing the signal rectified by the rectifier 32. Numeral
34 designates a signal sample and hold circuit (SMPL & HOLD) for sampling
and holding a smoothed signal H output by the smoothing circuit 33 at a
predetermined time 



5  with respect to the index timing signal T from an index timing sensor 7
sent once per every one revolution of the spindle motor as a reference
timing signal. Numeral 35 designates a comparator circuit (COMP CKT) for
comparing two signals l and J which are held in a holding circuit 34 at a
timing [err] on the basis of the index timing signal T and outputting any
value of -, 0, + of a comparison output signal K to a positioning control
circuit (PC CKT) 36 according to the position corresponding to the track 0
of the haad. The control 10  circuit 36 for detecting track 0 outputs a
control signal L to a drive circuit 22 (DRVE CKT) for driving a stepping
motor 5 for positioning the head 3. The operation is described by referring
to the signal waveform diagram of Figure 16. The signal waveform diagrams
of Figures 16(a), 16(b), 16(c) indicate the signals of the position
information areas which are read from the head 3, when the head 3 is
positioned on the guard band area 27b on the inner 15  peripheral when the
head 3 is positioned on the center line of the track 0 (10a), and when the
head 3 is positioned on the guard band area 27a on the outer peripheral
respectively. The positions of the head 3 thereof are as shown by 3a, 3b,
3c in Figures 14, respectively. In the case that the head 3 is positioned
to 3a, 3b, 3c, the displays in Figure 16 depict a magnetic head read signal
R. a rectified signal U and a smoothed signal W read in the position
information area 11 using the index timing signal T as a reference timing
20  signal, a holding signal l sampled at a time [err], and a holding
signal J sampled at a time [err] and a comparison output signal K,
respectively. The time t which constitutes the time base of the method uses
as a reference at this time the signal output time by the index timing
signal T at t=0. The range 0 to [err] indicates the period of time for
reading the fluxreversal 30a, 30c near the index position [err] of the
position information area of the disk 1, and the range [err] to [err]
indicates the period of time for reading from the flux-reversal areas 25
30b, 30d remote from the index position [err]. In Figure 16, t=[err] and
t=[err] are sampling times for sampling and holding the smoothed signal W
by the holding circuit 34. t=[err] is also the period of time for operating
the comparator 35. When the comparison output signal K as the output of the
comparator 35 is observed, the signal K is outputted as any one of the
following signals -, 0 or +. These occur when the head 3 is disposed in the
30  guard band area 27b at the inner peripheral side of the disk 1 (3a in
Figure 14), when the head 3 is disposed on the track 10 (3b in Figure 14),
or when the head 3 is disposed on the guard band area 27b at the outer
peripheral side (3c in Figure 14), respectively. In other words, when the
comparison output signal K as the output signal of the comparator 35 is
known, the head 3 position can be determined by the position information of
the position information areas 11 recorded on the disk 1 whether the head 3
is disposed on 35  the guard band area 27b at the inner peripheral side of
the disk 1, on the track area 10 or on the guard band area 27a at the outer
peripheral side. To detect a track 0 (10a in Figure 14), the head 3 is once
positioned on the guard band area 27a on the outer peripheral, the head 3
is then moved to the inner peripheral while detecting the comparison output
signal K, and the change from + to 0 of the comparison output signal K is
detected, which results in an 40  output of the track 0 signal Z in the
positioning control circuit 36 which inputs the comparison output signal K.
In other words, when the change from + to 0 of the comparison output signal
K is detected, it is allowed to output a track. 0 signal Z which indicates
that the positioning operation is complete. Using by the positioning
control circuit 36 and the change from + to 0 of the comparison output
signal K, the head 3 can be positioned on track 0. The fact that the head 3
is correctly positioned on track 0 may be confirmed by 45  performing an
operation similar to the original positioning procedure. It can be
confirmed that the head is on track 0 by displacing the head and observing
the output to confirm either the presence of the guard band 27a or 27b or
track positioning information 12, 13. As described above, track 0 is the
outer peripheral of the disk 1 recorded on. However, even when the track 0
is recorded on the inner peripheral, a similar operation can be performed
and the same effect may 50  be attained. As described above, although a
magnetic disk device driven by a stepping motor has been described, the
present invention may be applied to a magnetic disk apparatus driven by a
voice coil, or an optical disk device or a laser disk device. According to
the present invention as described above, the position information areas
are provided on 55  a part of the data track of the magnetic disk, and the
track 0 can be detected by the positioning control device that makes use of
the position information. Therefore, a mechanical external sensor may be
eliminated. This invention provides the magnetic disk device having high
accuracy thereby. Claims 60 1. A disk device positioning a head (3) for
reading/writing information from/on a data track of a plurality of data
tracks (10) concentrically formed on a disk, the disk comprising position
information means (S1, S2) provided over a predetermined radial area (11)
on the disk and having a predetermined pattern for providing different
pieces of information in accordance with the position displacement of the
head (3) from 65  the central position of the data track, wherein the disk
device comprises:    EP 0 154 085  B1 a disk drive motor (5); position
displacement means (17) for receiving an input (G) representative of the
different pieces of information from said position information means, and
for generating a position output (H); 



an index timing sensor (7) for detecting an index at every revolution and
feeding a timing signal (T) for notifying a starting point, of the
predetermined radial area (11) on the disk, to the position displacement
means (17); and a positioning device (5, 9, 18) for receiving the position
output (H), for producing in response to the output (H) an analog signal
for moving the head (3) in a direction transverse to the track so as to
re-position the head; 10     the disk device being characterised by;
rectifying means (14) for receiving and rectifying position signals (P)
read by the head (3), which signals correspond to the pieces of
information; integrating means (15) for integrating the rectified position
signals (E); and an A/D converter means (16) for converting the integrated
and rectified position signals (F) into digital 15  signals (G). and
supplying the digital signals (G) to the position displacement means (17)
in digital form, the index detected by the index timing sensor being
provided on a rotary unit of the motor, and the position displacement means
(17) receives the digital signals (G) in coincidence with the timing
signals (T) from the index timing sensor (2). 2. A disk device according to
Claim 1, wherein said data track is a selected data track, the position 20
output (H) corresponds to any deviation between the head position and the
central position of the selected data track and the re-positioning of the
head is such as to minimise the position displacement of the head from the
central position of the track. 3. A disk device according to Claim 1,
wherein said data track is an arbitrary data track, the position
information means (S1, S2) is provided on a reference data track disposed
at least at both end sides of the 25  plurality of data tracks on the disc,
the position displacement means (17P) is operative for determining the
positions of the reference tracks in response to the input (G), and the
position output (H) corresponds to any intermediate data track between the
reference data tracks on the basis of an interpolation technique. 4. A disk
device as claimed in Claim 2 or Claim 3, wherein the positioning device
comprises an actuator. 5. A disk device as claimed in Claim 2 or Claim 3 or
Claim 4, wherein the position information means 30  (S1, S2) comprises two
flux-reversal parts (12a, 12b, 12, 13) provided corresponding to both sides
of the data track (10), and the head is a magnetic head. 6. A disk device
as claimed in Claim 5, where dependent upon Claim 2, wherein the two
flux-reversal parts (12a, 12b; 12, 13) have a pitch equal to the interval
of the data tracks, are respectively displaced by half tne pitch of the
data tracks on both sides of the data track, and the parts (12a, 12b) are
displaced 35  longitudinally of the data track so as not to be superposed
on each other. 7. A disk device for positioning a head (3) for
reading/writing information from/on a data track of a plurality of data
tracks (10) concentrically formed on a disk, the disk comprising guard band
areas (27a, b) disposed inside and outside of the data tracks (10), and
position information means (S1, S2) provided over a predetermined radial
area (11) on the data tracks and guard band areas and having a
predetermined 40  pattern for providing head position information, wherein
the disk device comprises: a disk drive motor (5); a positioning device (5,
22) for moving the head (3) in a direction transverse to the track in
dependence upon a control signal (L); a position control means (34, 35, 36)
for generating the control signal in dependence on the position of 45 the
head in relation to the guard band areas and data tracks; the disk device
being characterised by: rectifying means (32) for receiving and rectifying
position signals (R) representative of the head position information read
by the head (3); a smoothing circuit (33) for smoothing the rectified
output (U) of the rectifying means (32); and 50     an index timing sensor
(7) for depicting an index provided on a rotary unit of the motor at every
revolution and feeding a timing signal (T) for notifying a starting point,
of the predetermined radial area (11) on the disk, to the position control
means; wherein the position control means comprises a sample and hold
circuit (34) for providing, in concidence with the timing signals, from the
index timing sensor (7), sampled signals (l, J) indicative of 55 whether
the head is positioned over the inner or outer guard band area or over one
of the data tracks, a comparator (35) for preparing the sampled signals and
providing a comparison output signal (K), and a position control circuit
(36) for generating the control signal (L) in response to the comparison
output signal (K). 8. A disk device as claimed in Claim 7, wherein the disk
drive motor (5) is a stepping motor. 60     9. A disk device as claimed in
Claim 7, wherein the position information of said data track areas has two
flux-reversal areas (30a, 30b) and non-flux-reversal areas (31) provided at
both sides of the data tracks, and the position information of each of said
guard band areas has a flux-reversal area (30c, 30d) and a non-flux-
reversal area. 10. A disk as claimed in Claim 9 wherein the two flux
reversal areas of said data tracks areas are equal 65 to the interval of
the data track, displaced by half pitch of the interval of the data tracks
at both sides of the    EP 0 154 085 B1 data tracks, displaced in the
widthwise direction of said disk so as not to be superposed to each other,
and 



the data track adjacent to the guard band area is continued to the
flux-reversal area radially extending of said guard band area. 5
PatentansprOche 1. Plattengerat zur Positionierung sines Kopfes (3) zum
Lesen/Schreiben von Information von einer bzw. auf einer Datenspur von
einer Vieizahl von Datenspuren t10), die konzentrisch auf einer Platte
ausgebildet sind, wobei die Platte Positionsinformationseinrichtungen (SI,
S2) aufweist, die Ober einem 10  vorgegebenen radialen Bereich (11) auf der
Platte vorgesehen sind und die ein vorgegebenes Muster haben, urn
verschiedene Teile von Informationen in Abhangigkeit von der
Positionsverschiebung des Kopfes (3) aus der zentralen Position der
Datenspur zu iiefern, wobei das Plattengerit folgendes aufweist: einen
Plattenantriebsmotor (5); sine Positionsverscheibungseinrichtung (17), um
sin Eingangssignal (G) zu empfangen, das i5  representative   ist  fOr
die   verschiedenen   Tells   von   Informationen   von   den
Positionsinformationseinrichtungen, und urn sin Positionsausgangssignal (H)
zu erzaugen; einen lndexzeitsteuerungssensor (7) zu Abtastung sines Index
bei jeder Umdrehung und zur Ueferung eines Zeitsteuerungssignals (T) zur
Bezeichnung sines Ausgs igspunktes, bezuglich des vorgegebenen radialen
Bereiches (11) auf der Platte, zu der Positionsverschiebungseinrichtung
(17); und sine Positionierungseinrichtung (5, 9, 18), um das
Positionsausgangssignal (H) zu erhalten, urn in Abhbngigkeit von dem
Ausgangssignal (H) sin analoges Signal zu erzeugen, urn den Kopf (3) in
einer Richtung quer zu der Spur zu bewegen, urn den Kopf neu zu
positionieren; wobei das Plattengerit gakennzeichnet ist durch: eine
Gleichrichtereinrichtung (14) zum Empfangen und Gleichrichten von
Positionssignalen (P), die 25  von dem Kopf (3) gelesen werden, wobei die
Signals den Teilen der Information entsprechen; eine
lntegrationseinrichtung (15) zum Integrieren der gleichgerichteten
Positionssignale (E); und einen A/D-Wandler (16) zum Umnwandeln der
integrierten und gleichgerichteten Positionssignale (F) in digitale Signals
(G) und zurn Liefern der digitalen Signals (G) an die
Positionsverschiebungseinrichtung (17) in digitaler Form, wobei der vom
Indexzeitsteuerungssensor abgetastete Index auf eaner Dreheinheit 30  des
Motors vorgesehen ist und wobei die Positionsverschiebungseinrichtung (17)
die digitalen Signals (G) in Koinzidenz mit den Zeitsteuerungssignalen m
von dam Indexzeitsteuerungssensor (7) erhalt. 2. Plattengerit nach Anspruch
1, wobei die Datenspur sine gewAhIte Datenspur ist, das
Positionsausgangssignal (H) einer Abweichung zwischen der Kopfposition und
der zentralen Position der gewihilten Datenspur entspricht und die
Neupositionierung des Kopfes so erfolgt, da6 die 35  Positionsverschiebung
des Kopfes aus der zentralen Position der Spur heraus minimal wird. 3.
Plattengerit nach Anspruch 1, wobei die Datenspur sine wilikOrliche
Datenspur ist, die Positionsinformationseinrichtungen (Si, S2) auf
Referenzspuren vorgesehen sind, die zurnindest an beiden Endseiten   der
Vielzahl  von   Datenspuren   auf  der  Platte  vorgesehen   sind,  die
Positionsverschiebungseinrichtung (17P) so arbeitet, daB sis die Positionen
der Referenzpuren in 40  Abhangigkeit von dem Eingangssignal (G) bestimmt,
und das Positionsausgangssignal (H) irgendeiner dazwischenliegenden
Datenspur zwischen den Referenzdatenspuren auf der Basis sines
Interpolationsverfahrens entspricht. 4. Plattengerdt nach Anspruch 2 oder
Anspruch 3, wobei die Positionierungseinrichtung sin Betatigungsorgan
aufweist. 45     5. Plattengerit nach  Anspruch  2  odor Anspruch  3  oder
Anspruch  4, wobei die Positionsinformationseinrichtungen (S1, S2) zwei
Ummagnetisierungsteile 112a, 12b; 12, 13) aufweisen, die entsprechend den
beiden Seiten der Datenspur (10) vorgesehen sind, und der Kopf sin
Magnetkopf ist. 6. Plattengerat nach Anspruch 5, und Anspruch 2, wobei die
beiden Ummagnetisierungsteile (12a, 12b; 12, 13) sine Teilung haben, die
gleich dam Intervall der Datenspuren ist, jeweils urn die halbe Teilung der
50  Datenspuren auf beiden Seiten der Datenspuren versetzt sind, und die
Teile (12a, 12b) in Lingsrichtung der Datenspur versetzt sind, so daB sie
nicht Obereinander angeordnet sind. 7. Platteng rat zur Positionierung
sines Kopfes (3) zum Lesen/Schreiben von Informationen von einer bzw. auf
einer Datenspur von einer Vieizahl von Datenspuren (10), die konzentrisch
auf einer Platte ausgebildet sind, wobei die Platte Schutzbandbereiche
(27a, 27b), die auf der Innenseite und der s5  Augenseite der Datenspuren
(10) angeordnet sind, und Positionsinformationseinrichtungen (SI, S2)
aufweist, die Ober einen vorgegebenen radialen Bereich auf den Datenspuren
und den Schutzbandbereichen   vorgesehen   sind   und   sin  vorgegebenes
Muster  haben,  urn Kopfpositionsinformationen zu liefern, wobei das
Plattengerit folgendes aufweist: einen Plattenantriebsmotor (5); 60
eine Positionierungsoinrichtung (5,22), urn den Kopf (3) in Abhangigkeit
von einem Steuersignal (L) in einer Richtung quer zur Spur zu bewegen; eine
Positionssteuerung (34, 35, 36) zur Erzeugung des Steuersignals in
Abhangigkeit von der Position des Kopfes in Relation zu den
Schutzbandbereichen und den Datenspuren; wobei das Plattengerit
gekennzeichnet, ist durch: 65     sine Gleichrichtereinrichtung (32) zum
Empfangen und Gleichrichten von Positionssignalen JR), die    EP  0 154 085
B1 reprasentative sind fOr die von dem Kopf (3) gelesene
Kopfpositionsinformation; 



edne Glattungsschaltung (33) zum Glntten des gleichgerichteten
Ausgangssignals (U) von der Gleichrichtereinrichtung (32); und elnen
Indexzeitsteuerungssensor (7) ur einen Index, der auf einer Dreheinheit des
Motors vorgesehen 5   ist, bei jeder Umdrehung abzutasten und ein
Zeitsteuerungssignal m  zur Kennzeichnung eines Ausgangspunktes bezuglich
des vorgegebenen radialen Bereiches (11) auf der Platte an die
Positionssteuerung zu liefern, wobei die Positionssteuerung folgendes
aufweist: sine Abtast- und Halteschaltung (34), um be! Koinzidenz mit den
Zeitsteuerungssignalen von dem lndexzeitsteuerungssensor (7) Abtrstsignale
(I. ') zu 10  lieforn, die abgeben, ob der Kopf sich Ober dem inneren oder
dom auBeren Schutzbandbereich oder Ober einer der Datenspuren befindet;
einen Komparator (35) zur Aufbereitung der Abtastsignale und zur Ueferung
eines Vergloichsausgangssignals (K); und sine Positionssteuerschaltung (36)
zur Erzeugung des Steuersignals (L) in Abhangigkeit von dem
Vergleichsausgangssignal WK). 8. Plattengerit nach Anspruch 7, wobei die
Plattenantriebsmotor (5) ein Schrittmotor ist. 15      9. Plattengerat nach
Anspruch 7, wobei die Positionsinformation der Datenspurbereich zwei
Ummagnetisierungsbereiche (30a, 30b) sowie nicht ummagnetisierbare Bereiche
(31) aufwaist, die zu beiden Soiten der Datenspuren vorgesehen sind, und
wobei die Positionsinformation von jedem der Schutzbandbereiche einen
Ummagnetisierungsbereich (30c. 30d) und einen nicht ummagnetisierbaren
Bereich aufweist. 20      10. Plattengerit nach  Anspruch  9. wobei die
beiden  Ummagnetisierungsbereiche  der Datenspurbereiche gleich dem
Intervall der Datenspuren vorgesehen sind, versetzt urn die halbe Teilung
des Intervalles der Datenspuren zu beiden Seiten der Datenspuren, versetzt
in der Breitenrichtung der Platte. so daB sie nicht Obereinanderliegen, und
wobei die Datenspur, die an den Schutzbandbereich angrenzt. sich im
Ummagnetisiorungsbereich fortsetzt, der radial zum Schutzbandbereich
verliuft. 25 Revendicatlons 1. Dispositif de positionnemnent de la tete
(3), pour un appareil a disque du type permettant de lire/ d'6crire des
informations depuistsur une piste de donn6es parmi une pluralit6 de pistes
de donn6es (10) 30 form6es de maniere concentrique sur un disque, le disque
comportant des moyens d'information sur la position (SI, S2) disposes sur
une aire radiale pr6determin6e (11) du disque et comportant un motif
prddetermind afin de fournir differentes sources dinformation en accord
avec la position relative du d6placement de la tete (3) depuis une position
centrale de la piste de donn6e, ledit dispositif pour disque comptenant de
plus: 35      un moteur d'entralnement du disque (5); un moyen de
deplacement de la position (17) pour recovoir un signal d'entr6e (G)
representatif des differentes sources d'information provenant du moyen
d'information sur la position, et pour generer un signal de sortie (H)
relatif h la position; un detecteur de temporisation d'index. (7) pour
detecter un index a chaque revolution du disque et 40  foumir un signal de
temporisation (T) permettant de notifier un point de depart sur l'aire
radiale pr6determin6e 111) du disque au moyen de deplacement de la position
(17); et un m6canisme de positionnement (5,9. 18) apte A recevoir le signal
de sortie relatif a la position (H) precite afin de produire en reponse
audit signal de sortie (H) un signal numerique adapte au deplacement de la
tete (3) dans une direction transversale a la piste, et ce afin de
repositionner ladite tete; 45      caracteris6 en ce qu'il comporte: un
moyen de rectification (14) apte a recevoir et a rectifier les signaux de
position (P), lus par la tete (3), lesdits signaux correspondent aux
sources d'information; un moyen d'int6gration (15) permettant d'integrer
les signaux de position rectifiees (E); et un convertisseur
analogique/numerique (16) pour convertir les signaux de position rectifies
et int6gr6s 50  (F) en signaux numeriques (G) et ainsi foumir un signal
numerique (G) au moyen de deplacement de la position (17) sous une forme
numerique, I'index detecte par le detecteur de temporisation d'index etant
pr6vu sur l'u; it rotative du moteur, et le moyen de deplacement de la
position 117) recevant en entr~e lesdits signaux num6riques (G) de facon
coincidente avec les signaux de temporisation (T) provenant du d6tecteur de
temporisation d'index (2). 55      2. Dispositif selon la revendication 1,
caract6rise en ce quo ladite piste de donn6es est une piste de donnees
choisie, le signal de sortie de position (H) correspondent a une deviation
quelconque entre la position de la tWte et la position centrale de la piste
de donn6es choisie et le repositionnement de la tAte etant effectue de
tello facon quo l'on minimise le deplacement de la position de la tete
depuis la position centrals de la piste. 60      3. Dispositif selon la
revendication 1, caracterise en ce que ladite piste de donn6es est une
piste de donn6es arbitrairo, le moyen d'information sur la position (SI,
S2) etant dispose sur une piste de donn6es de reference, dispos6e au mains
sur chacune des faces d'extrdmitA d'une pluralite de pistes de donnes sur
le disque. le moyen de deplacement de la position 017P) servant A
deterrniner les positions des pistes de reference en reponse au signal
d'entr6e (G), et le signal de sortie de position (H) correspondant a toutes
65   pistes de donnee interm6diaire comprises entre les pistes de donn6e de
reference et ce. sur la base d'une    EP 0154085 BI 



interpolation technique. 4. Dispositif solon la revendication 2 ou 3,
caracterise en ce quo la dispositif de positionnement comprend un mecanisme
de d6clenchement. 5. Dispositif solon l'uno ds revendications 2 a 4.
caracterise on ce que le moyen d'infomrnstion sur la 5  position WSi. S2)
comprend deux portions de reversement de flux (12a, 12b; 12. 13) disposies
de facon A correspondre a chacune des faces de la piste de donn6es (10),
ladite tete (3) dtant une t~te magnetique. 6. Dispositif selon la
revendication 5. dependant de la revendication 2, caracterise en ce que les
deux portions 3 renversement de fluix (12a, 12b; 12. 13) component un pas
egal 3 l'intervalle des pistes de donn6es, et sont respectivement d6plac6es
de la moitib du pal des piste de donn6e st, chacune des faces to  de la
piste de donn6e, alors que les portions (12a, 12b) sont deplac6es
longitudinalement par rapport a la piste de donnee afin de ne pas se
superposer les unes aux autres. 7. Dispositif de positionnement de la tAte
(3) pour un appareil A disque du type permenttmnt de lirel d'ecrire des
informations depuis/sur une piste de donnees parmi une pluralite de piste
de donn6es (10) form6es de facon concentrique sur un disque, ledit disque
comprenant des aires formant bande de is  sauvegarde (27a, 27b) disposees A
I'int6rieur et 3 I'exterieur des pistes de donnde (10) et comprend un moyen
d'information sur la position (Si. S2) dispose sur une aire radiale
predeterminee (11) des pistes de donrnees ainsi que des aires de bandes de
sauvegarde et possedant un motif predetermine pour fournir une information
relative a la position de la tAte. ledit dispositif rour disque comprenant
de plus: un moteur d'entratnement du disque (5); 20     un m6canismbe de
positionnement (5, 22) pour deplacer la tete (3) dans une direction
transversale a la piste et en fonction d'un signal de contr6le (L); un
moyen de controle de la position (34, 35, 36) permettant de generer un
signal de contr6le on fonction de la position de la tete et en fonction des
aires de bande de sauvergarde ainsi quo des pistes de donnees; 25
caracterise en ce qu'il comprend; un moyen de rectification (32) permettant
de revevoir et de rectifier les signaux de position (L) representatif des
informations sur la position de la tAte et qui sont lus par ladite tWte
(3); un circuit d'amortissement (33) pour amortir Is signal de sortie
rectife (U) provenant du moyen de rectification (32); et comprend de plus
un detecteur de temporisation d'index (7) apte a decoder un index 30
provenant d'une unite rotative du moteur a chaque revolution et apte A
foumir un signal de temporisation IT) permettant de notifier le point de
depart de l'aire radials pr6d6termin6e 11) sur le disque au moyen de
contr6le de la position; ledit moyen de contr6le de la position comprenant
un circuit d'echantillonnage et de maintien (34) pouw ioumir, de facon
coincidente aux signaux de temporisation provenant du detecteur de
temporisation 35 d'index (7), des signaux echantillones (I, J) relatifs au
fait quo la tWte est ou n'est pas positionnee au dessus de I'aire de bande
de sauvergarde inteme ou exteme ou au dessus de lune des pistes de donnees,
ledit moyen de contr6le de la position comportant 6galement un comparateur
(35) apt. A preparer les signaux 6chantillones et a fournir un signal de
sortie permettant leur comparaison (15). ainsi qu'un circuit de contrdle de
la position (36) permettant de gendrer un signal de contr6le (L) en reponse
au signal de sortie 40  de comparaison (K). 8. Dispositif selon la
revendication 7, caracterise en ce quo le moteur d'entrainement du disque
(5) est un moteur pas A pas. 9. Dispositif selon la revendication 7,
caracterise on ce quo l'information sur la position des aires de piste de
donn6es comport. deux aires a flux reversibles (30a, 30b) et des aires A
flux non reversibles (31) 45  disposes sur chacune des faces des pistes de
donnees, les informations de position de chacune des aires de bandes de
sauvegarde component une aire a flux inversA (30c, 30d) at une aire a flux
non inverse. 10. Dispositif selon la revendication 9. caracterise en ce que
les deux aires a flux inverses desdites aires des pistes de donnees sont
6gales A l'intervalle de la piste de donnee deplace d'un demi pas de
l'intervalle des pistes de donn6es a chacune des faces des pistes de
donnees et deplace dansile sons de la largeur du so  disque afin de ne pas
se superposer les unes aux autres, et que les pistes de donn6es adjacentes
A I'aire de la bande de sauvegarde sont prolong6es jusquA I'aire a flux
renverse s'6tendant radialement depuis I'aire de la band( de sauvegarde
precitee. 55 60 65    


